1 

SUBCUTANEOUS ELECTRODE AND LEAD WITH 
PHORESIS BASED PHARMACOLOGICAL AGENT DELIVERY 

RELATED APPLICATIONS 



This application claims the benefit of Provisional Patent Application Serial No. 
60/462,272, filed on April 1 1 , 2003, to which priority is claimed pursuant to 35 U.S.C. 
§1 19(e) and which is hereby incorporated herein by reference. 

* 

1 0 FIELD OF THE INVENTION 



The present invention relates generally to subcutaneously implantable cardiac 
cardioverters/defibrillators and monitors, and, more particularly, to subcutaneously 
implantable leads and device components that impel pharmacological agents using 
15 phoresis. 



BACKGROUND OF THE INVENTION 



Implantable cardiac rhythm management systems have been used as an 
20 effective treatment for patients with serious arrhythmias. These systems typically 
include one or more leads and circuitry to sense signals from one or more interior 
and/or exterior surfaces of the heart. Such systems also include circuitry for 
generating electrical pulses that are applied to cardiac tissue at one or more interior 
and/or exterior surfaces of the heart. For example, leads extending into the patient's 
25 heart are connected to electrodes that contact the myocardium for sensing the 
heart's electrical signals and for delivering pulses to the heart in accordance with 
various therapies for treating arrhythmias. 

Typical implantable cardioverter/defibrillators (ICDs) include one or more 
endocardial leads to which at least one defibrillation electrode is connected. Such 
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ICDs are capable of delivering high-energy shocks to the heart, interrupting a 
ventricular tachyarrythmia or ventricular fibrillation, and allowing the heart to resume 
normal sinus rhythm. ICDs may also include pacing functionality. 

Although ICDs are effective at preventing Sudden Cardiac Death (SCD), most 
5 people at risk of SCD are not provided with implantable defibrillators. The primary 
reasons for this unfortunate reality include the limited number of physicians qualified 
to perform transvenous lead/electrode implantation, a limited number of surgical 
facilities adequately equipped to accommodate such cardiac procedures, and a 
limited number of the at-risk patient population that can safely undergo the required 
10 endocardial or epicardial lead/electrode implant procedure. Subcutaneous ICDs are 
being developed to address these and other issues. 



SUMMARY OF THE INVENTION 

15 

The present invention is directed to subcutaneous cardiac devices and 
components, and methods of using same to improve patient comfort, reduce 
morbidity, and improve surgical outcomes by incorporating pharmacological agents 
that are actively impelled into tissue using phoresis. According to one embodiment, 

20 a cardiac device has an implantable lead including a lead body, a subcutaneous 
electrode supported by the lead body, and a pharmacological agent provided on the 
lead and/or electrode. The pharmacological agent is impelled into subcutaneous 
non-intrathoracic tissue using phoresis. In another embodiment, an implantable 
cardioverter/defibrillator system includes a can to which an implantable lead is 

25 coupled. One or more pharmacological agents may be provided on the lead, 

electrode, can, or combination of these components and impelled phoretically into 
surrounding tissue. 
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An embodiment of the present invention is directed to impelling a plurality of 
pharmacological agents disposed on a lead and/or an electrode into tissue using 
phoresis. Pharmacological agents may be provided on one or more electrodes alone 
or in combination with pharmacological agents on the can and/or lead body, all of 
5 which are impelled into surrounding tissue using phoresis. 

A method of implanting subcutaneous leads is directed to providing a lead 
including a lead body, a subcutaneous electrode, and a pharmacological agent, and 
delivering the pharmacological agent to subcutaneous non-intrathoracic tissue using 
phoresis. The method may include providing a sheath and inserting the lead into the 

10 sheath to deliver the lead into subcutaneous non-intrathoracic tissue. 

The above summary of the present invention is not intended to describe each 
embodiment or every implementation of the present invention. Advantages and 
attainments, together with a more complete understanding of the invention, will 
become apparent and appreciated by referring to the following detailed description 

15 and claims taken in conjunction with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1A and 1B are views of a transthoracic cardiac sensing and/or 
5 stimulation device as implanted in a patient; 

Figure 2A illustrates a lead in accordance with the present invention, inserted 
in a dissected subcutaneous path extending from the can; 

Figure 2B illustrates various components of a transthoracic cardiac sensing 
and/or stimulation device in accordance with embodiments of the present invention; 
10 Figure 3 is a plan view of a lead incorporating phoresis based delivery of 

pharmacological agents in accordance with the present invention, enclosed within a 
sheath; 

Figure 4 is a magnified view of a lead with an electrode configured to facilitate 
phoresis based delivery of pharmacological agents in accordance with the present 
15 invention; 

Figure 5A is a top view of an embodiment of a system configured to facilitate 
phoresis based delivery of pharmacological agents in accordance with the present 
invention; 

Figure 5B is a magnified side view of a portion of the can illustrated in Figure 
20 5A, the can having a polyvinylidene fluoride (PVDF) coating used to facilitate 

phoresis based delivery of pharmacological agents in accordance with the present 
invention; 

Figure 6 is a magnified view of an embodiment of a lead configured to 
facilitate phoresis based delivery of pharmacological agents in accordance with the 
25 present invention; 

Figure 7 is a magnified view of another embodiment of a lead configured to 
facilitate phoresis based delivery of pharmacological agents in accordance with the 
present invention; and 
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Figure 8 is a magnified view of another embodiment of a lead with an 
electrode configured to facilitate phoresis based delivery of pharmacological agents 
in accordance with the present invention. 

While the invention is amenable to various modifications and alternative 
5 forms, specifics thereof have been shown by way of example in the drawings and will 
be described in detail below. It is to be understood, however, that the intention is not 
to limit the invention to the particular embodiments described. On the contrary, the 
invention is intended to cover all modifications, equivalents, and alternatives falling 
within the scope of the invention as defined by the appended claims. 

10 

DETAILED DESCRIPTION OF VARIOUS EMBODIMENTS 

In the following description of the illustrated embodiments, references are 
15 made to the accompanying drawings, which form a part hereof, and in which is 
shown by way of illustration various embodiments in which the invention may be 
practiced. It is to be understood that other embodiments may be utilized, and 
structural and functional changes may be made without departing from the scope of 
the present invention. 

20 A device employing an implantable lead implemented in accordance with the 

present invention may incorporate one or more of the features, structures, methods, 
or combinations thereof described herein below. For example, a subcutaneous 
cardiac monitor or stimulator may be implemented to include a lead and other 
components having one or more of the advantageous features and/or processes 

25 described below. It is intended that such a device or method need not include all of 
the features and functions described herein, but may be implemented to include 
selected features and functions that provide for unique structures and/or 
functionality. 
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In general terms, an implantable lead implemented in accordance with the 
present invention may be used with a subcutaneous cardiac monitoring and/or 
stimulation device. One such device is an implantable transthoracic cardiac sensing 
and/or stimulation (ITCS) device that may be implanted under the skin in the chest 
5 region of a patient. The ITCS device may, for example, be implanted 

subcutaneously such that all or selected elements of the device are positioned on 
the patient's front, back, side, or other body locations suitable for sensing cardiac 
activity and delivering cardiac stimulation therapy. It is understood that elements of 
the ITCS device may be located at several different body locations, such as in the 

10 chest, abdominal, or subclavian region with electrode elements respectively 
positioned at different regions near, around, in, or on the heart. 

The primary housing (e.g., the active or non-active can) of the ITCS device, 
for example, may be configured for positioning outside of the rib cage at an 
intercostal or subcostal location, within the abdomen, or in the upper chest region 

15 (e.g., subclavian location, such as above the third rib). In one implementation, one 
or more electrodes may be located on the primary housing and/or at other locations 
about, but not in contact with, the heart, great vessel or coronary vasculature. 

In another implementation, one or more leads incorporating electrodes may 
be located in direct contact with the heart, great vessel or coronary vasculature, such 

20 as via one or more leads implanted by use of conventional transvenous delivery 
approaches. In another implementation, for example, one or more subcutaneous 
electrode subsystems or electrode arrays may be used to sense cardiac activity and 
deliver cardiac stimulation energy in an ITCS device configuration employing an 
active can or a configuration employing a non-active can. Electrodes may be 

25 situated at anterior and/or posterior locations relative to the heart. 

Referring now to Figures 1A and 1B of the drawings, there is shown a 
configuration of a transthoracic cardiac sensing and/or stimulation (ITCS) device 
implanted in the chest region of a patient at different locations by use of a dissection 
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tool. In the particular configuration shown in Figures 1A and 1B, the ITCS device 
includes a housing 102 within which various cardiac sensing, detection, processing, 
and energy delivery circuitry may be housed. The housing 102 is typically configured 
to include one or more electrodes (e.g., can electrode and/or indifferent electrode). 
5 Although the housing 102 is typically configured as an active can, it is appreciated 
that a non-active can configuration may be implemented, in which case at least two 
electrodes spaced apart from the housing 102 are employed. An ITCS system 
according to this approach is distinct from conventional approaches in that it may be 
configured to include a combination of two or more electrode subsystems that are 

10 implanted subcutaneously. 

In the configuration shown in Figures 1A and 1B, a subcutaneous electrode 
104 may be positioned under the skin in the chest region and situated distal from the 
housing 102. The subcutaneous andjf applicable, housing electrode(s) may be 
positioned about the heart at various locations and orientations, such as at various 

15 anterior and/or posterior locations relative to the heart. The subcutaneous electrode 
104 is electrically coupled to circuitry within the housing 102 via a lead assembly 
106. One or more conductors (e.g., coils or cables) are provided within the lead 
assembly 106 and electrically couple the subcutaneous electrode 104 with circuitry in 
the housing 102. One or more sense, sense/pace or defibrillation electrodes may be 

20 situated on the elongated structure of the electrode support, the housing 102, and/or 
the distal electrode assembly (shown as subcutaneous electrode 104 in the 
configuration shown in Figures 1A and 1B). 

In one configuration, the lead assembly 106 is generally flexible. In another 
configuration, the lead assembly 106 is constructed to be somewhat flexible, yet has 

25 an elastic, spring, or mechanical memory that retains a desired configuration after 
being shaped or manipulated by a clinician. For example, the lead assembly 106 
may incorporate a gooseneck or braid system that may be distorted under manual 
force to take on a desired shape. In this manner, the lead assembly 106 may be 
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shape-fit to accommodate the unique anatomical configuration of a given patient, 
and generally retains a customized shape after implantation. Shaping of the lead 
assembly 106 according to this configuration may occur prior to, and during, ITCS 
device implantation. 

5 In accordance with a further configuration, the lead assembly 106 includes a 

rigid electrode support assembly, such as a rigid elongated structure that positionally 
stabilizes the subcutaneous electrode 104 with respect to the housing 102. In this 
configuration, the rigidity of the elongated structure maintains a desired spacing 
between the subcutaneous electrode 104 and the housing 102, and a desired 

10 orientation of the subcutaneous electrode 104/housing 102 relative to the patient's 
heart. The elongated structure may be formed from a structural plastic, composite or 
metallic material, and includes, or is covered by, a biocompatible material. 
Appropriate electrical isolation between the housing 102 and the subcutaneous 
electrode 104 is provided in cases where the elongated structure is formed from an 

15 electrically conductive material, such as metal. 

In one configuration, the rigid electrode support assembly and the housing 
102 define a unitary structure (i.e., a single housing/unit). The electronic 
components and electrode conductors/connectors are disposed within or on the 
unitary ITCS device housing/electrode support assembly. At least two electrodes are 

20 supported on the unitary structure near opposing ends of the housing/electrode 
support assembly. The unitary structure may have, for example, an arcuate or 
angled shape. 

According to another configuration, the rigid electrode support assembly 
defines a physically separable unit relative to the housing 102. The rigid electrode 
25 support assembly includes mechanical and electrical couplings that facilitate mating 
engagement with corresponding mechanical and electrical couplings of the housing 
102. For example, a header block arrangement may be configured to include both 
electrical and mechanical couplings that provide for mechanical and electrical 
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connections between the rigid electrode support assembly and housing 102. The 
header block arrangement may be provided on the housing 102 or the rigid electrode 
support assembly, or both the housing 102 and the rigid electrode support assembly. 
Alternatively, a mechanical/electrical coupler may be used to establish mechanical 
5 and electrical connections between the rigid electrode support assembly and the 
housing 102. In such a configuration, a variety of different electrode support 
assemblies of varying shapes, sizes, and electrode configurations can be made 
available for physically and electrically connecting to a standard ITCS device. 

It is noted that the electrodes and the lead assembly 106 may be configured 

10 to assume a variety of shapes. For example, the lead assembly 106 may have a 
wedge, chevron, flattened oval, or a ribbon shape, and the subcutaneous electrode 
104 may include a number of spaced electrodes, such as an array or band of 
electrodes. Moreover, two or more subcutaneous electrodes 104 may be mounted 
to multiple electrode support assemblies 106 to achieve a desired spaced 

15 relationship amongst the subcutaneous electrodes 104. Accordingly, subcutaneous 
leads of the present invention may be shaped appropriately for specific electrodes or 
families of electrodes and electrode support assemblies. 

Referring now to Figure 2A, an ITCS system 200 is illustrated including a can 
250 with a lead 240 inserted into a dissection path 220. The lead 240 includes an 

20 electrode 230, here illustrated at the distal end of the lead 240. The dissection path 
220 lies within the subcutaneous tissue of a patient as illustrated in Figures 1 A and 
1B. 

Referring to Figure 2B, a can electrode 502 is positioned on a housing 501 
that encloses the ITCS device electronics. In one embodiment, the can electrode 
25 502 includes the entirety of the external surface of housing 501 . In other 

embodiments, various portions of the housing 501 may be electrically isolated from 
the can electrode 502 or from tissue. For example, the active area of the can 
electrode 502 may include all or a portion of either the anterior or posterior surface of 
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the housing 501 to direct current flow in a manner advantageous for cardiac sensing 
and/or stimulation. 

The housing 501 may resemble that of a conventional implantable ICD, and 
may be approximately 20-100 cc in volume, with a thickness of 0.4 to 2 cm and with 
5 a surface area on each face of approximately 30 to 100 cm 2 . As previously 
discussed, portions of the housing may be electrically isolated from tissue to 
optimally direct current flow. For example, portions of the housing 501 may be 
covered with a non-conductive, or otherwise electrically resistive, material to direct 
current flow. Suitable non-conductive material coatings include coatings formed from 
10 silicone rubber, polyurethane, polyvinylidene fluoride, or parylene, for example. 

In addition, or alternatively, all or portions of the housing 501 may be treated 
to change the electrical conductivity characteristics thereof for purposes of optimally 
directing current flow. Various known techniques can be employed to modify the 
surface conductivity characteristics of the housing 501 , such as by increasing or 
15 decreasing surface conductivity, to optimize current flow. Such techniques may 

include mechanically or chemically altering the surface of the housing 501 to achieve 
desired electrical conductivity characteristics. 

In the configuration shown in Figure 2B, the ITCS device housing 501 
containing the electronics (i.e., the can) is not used as an electrode. In this case, an 

20 electrode system comprising two electrode subsystems 508, 509 coupled to the 

housing 501 may be implanted subcutaneously in the chest region of the body, such 
as in the anterior thorax. The first and the second electrode subsystems 508, 509 
are placed in opposition with respect to the ventricles of a heart 510, with the 
majority of the ventricular tissue of the heart 510 included within a volume defined 

25 between the electrode subsystems 508, 509. As illustrated in Figure 2B, the first 
electrode system 508 is positioned superior to the heart 510 relative to a superior 
aspect of the heart 510, e.g., parallel to the left ventricular free wall. The second 
electrode system 509 is located inferior to the heart 510 and positioned in relation to 
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an inferior aspect of the heart 510, e.g., parallel to the right ventricular free wall. A 
cable or wiring 506 conductively couples the electrode subsystems 508, 509 to the 
housing 501. 

In this configuration, the first and the second electrode subsystems 508 and 
5 509 may include any combination of electrodes used for sensing and/or electrical 
stimulation. In various configurations, the electrode subsystems 508, 509 may each 
include a single electrode or a combination of electrodes. The electrode or 
electrodes in the first and second electrode subsystems 508, 509 may include any 
combination of one or more coil electrodes, tip electrodes, ring electrodes, multi- 

10 element coils, spiral coils, spiral coils mounted on non-conductive backing, and 
screen patch electrodes, for example. 

The lead 240, shown in Figure 2A, and/or the electrode subsystems 508, 509, 
shown in Figure 2B, may be inserted into the dissection path 220 (Figure 2A) without 
use of an introducer sheath, or may alternatively be inserted with use of a sheath 

15 320 as illustrated in Figure 3. In Figure 3, the lead 240 extends from the sheath 320, 
with the electrode 230 enclosed within the lumen of the sheath 320. The electrode 
230 is illustrated with pharmacological agents 232 and 234 at the distal end and 
proximal end respectively. 

Still referring to Figure 3, the pharmacological agents 232 and 234 may be 

20 incorporated with the lead 240 via, for example, a collar, a porous region, a coating, 
or other suitable arrangement. The lead 240 may be inserted into the dissection 
path 220 (Figure 2A) inside the sheath 320. After proper location within the 
subcutaneous tissue, the sheath 320 may be stripped away from the electrode 230, 
revealing the pharmacological agents 232 and 234 to the surrounding tissue. A 

25 period of pharmacological activity may be initiated by impelling pharmacological 

agents 232 and 234 into the tissue surrounding the lead 240 using phoresis such as, 
in the example illustrated in Figure 3, electrophoresis. 
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Two non-limiting examples of phoresis are electrophoresis and sonophoresis. 
Electrophoresis is generally understood as an electrochemical process in which 
colloidal particles and/or macromolecules with a net electric charge migrate under 
the influence of an electric potential. For purposes herein, electrophoresis is 
5 synonymous with ionophoresis, iontophoresis, and dielectrolysis. 

Sonophoresis is generally understood as a sonochemical process in which 
colloidal particles and/or macromolecules migrate under the influence of pressure 
waves, such as continuous wave or burst-mode ultrasound. For purposes herein, 
sonophoresis is synonymous with sontophoresis. Phoresis based technologies such 
10 as, for example, electrophoresis and sonophoresis, may be used in accordance with 
the present invention to impel pharmacological agents into tissue. 

A non-limiting, non-exhaustive list of suitable pharmacological agents 232 and 
234 includes analgesics, anesthetics, antibiotics, antiseptics, steroids, anti- 
inflammatory drugs, agents that promote hemostasis, agents that provide 
15 vasoconstriction, collagen, and agents that increase the rate of healing. A non- 
exhaustive, non-limiting list of pharmacological activities includes: antisepsis, 
antibiosis, analgesia, anesthesia, vasoconstriction, and hemostasis. 

Suitable analgesics or anesthetics may be, for example, aspirin, IBUPROFEN, 
BUPIVACAINE, UDOCAINE, MAPRIVACAJNE and PROCAINE. Suitable steroids 
20 may be, for example, DEXAMETHASONE and BETAMETHASONE. A suitable 
pharmacological agent that provides vasoconstriction may be, for example, 
EPINEPHRINE. Suitable antibiotics or antiseptics may be, for example, 
VANCOMYCIN and CEFALOZIN. A suitable pharmacological agent to increase the 
rate of healing may be, for example, stomach submucosa derived tissue, such as 
25 that disclosed in US Patent Number 6,099,567 and incorporated herein by reference, 
which may be impregnated with one or more pharmacological agents. 

Figure 4 illustrates the lead 240 with an electrode 230 and a coating 420. The 
coating 420 contains the pharmacological agent desired near the distal end of the 
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lead 240. The coating 420 may be placed on the lead 240 by, for example, painting, 
spraying, dipping, vapor deposition, or other suitable arrangement. Pharmacological 
agents in the coating 420 may be impelled using electrophoresis, as described 
earlier. 

5 Figure 5A illustrates a method for phoresis delivery of a pharmacological 

agent from a system 312 without using the can's power source, thereby conserving 
energy stored in the energy source disposed in the can 250. In the embodiment 
shown in Figure 5A, the can 250 incorporates a pharmacological agent delivery 
arrangement 930 disposed on the can 250. The embodiment of Figure 5A is further 
10 shown to include a tiered pharmacological delivery arrangement 950 disposed on the 
electrode 230. 

The arrangement 930 may partially or completely cover or coat the can 250. 
For example, the arrangement 930 may cover the entire first surface of the can 250, 
but only cover 25% of a second surface to provide a large uncoated area of the 

15 second surface to act as an active electrode for cardiac stimulation therapy. The 
second surface of the can 250 may be positioned relative to the heart to optimize 
energy delivery and directivity. The pharmacological delivery arrangements 930 and 
950 may be placed by, for example, painting, spraying, dipping, vapor deposition, or 
other suitable approach. The pharmacological delivery arrangements 930, 950 may 

20 include any combination of pharmacological activities or agents such as, for 
example, pharmacological activities and agents described previously. 

In another configuration, the can 250 may be equipped with a reservoir (seen 
as element 930 disposed on the can 250) within which a pharmacological agent or 
agents can be stored. The reservoir 930 may include a single chamber or multiple 

25 chambers for storing one or more pharmacological agents or other fluid useful for 
facilitating phoresis delivery of a pharmacological agent. The reservoir 930 of the 
can 250 may be fluidly connected to a surface of the can 250 in a configuration in 
which phoresis delivery of a pharmacological agent is implemented using the can 
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250. An exit port on the surface of the can 250, through which the pharmacological 
agent passes, may be treated or coated to enhance delivery of the pharmacological 
agent from the surface of the can 250. 

Alternatively, or in addition, the reservoir 930 of the can 250 may be fluidly 
5 connected to the electrode 230 via a lumen of the lead 240. In this configuration, a 
pharmacological agent may be transported from the reservoir 930 of the can 250 to 
the electrode via the lumen to facilitate phoresis delivery of a pharmacological agent 
from the electrode 250. A micro-pump or other pressure generating arrangement 
may be employed in accordance with this configuration to facilitate transport of the 

10 pharmacological agent through the lumen of the lead 240. 

During and/or after the implantation process, an external driver 314 may be 
attached to the system 312. The external driver 314 provides power and control of 
the phoretic impelling of the pharmacological agent during the implantation process. 
The external driver 314 may be incorporated into a dissection device, so that 

1 5 phoresis may be accomplished during the dissection and implantation of the system. 

One approach to delivering pharmacological agents using external driver 314 
employs the existing electrodes and wiring of the ITCS system for phoresis delivery. 
For example, the external driver 314 may use the can 250 as a ground, grounding 
the patient, and may use the electrode 230 to initiate an electric potential between 

20 the electrode 230 and the grounded tissue, and impelling the pharmacological agent 
from the delivery arrangement 950 using electrophoresis. In this approach, the 
external driver 314 may be simply an external power supply, such that no power is 
used from the implantable components for phoresis during or acutely after 
implantation. 

25 In another embodiment, the external driver 314 may be grounded to the 

patient using a ground pad, such as ground pads used for electrosurgery. In this 
arrangement, both the lead 240, including electrode 230, and the can 250 may be 
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used as potential sources for phoresis. The external driver 314 may include a power 
supply as well as driving electronics. 

Referring now to Figure 5B, an embodiment of the present invention provides 
for sonophoresis using the delivery arrangement 930. In Figure 5B, delivery 
5 arrangement 930 may be, for example, a layer of polyvinylidene fluoride, designated 
PVDF layer 934. The PVDF layer 934 is a piezoelectric polymer, where applying an 
electric field across the polymer causes the polymer to expand or contract, based on 
polarity of the electric potential. 

The PVDF layer 934 may have a conducting surface coating 936 that acts as a 

1 0 capacitor plate, storing electric charge to create an electric field across the PVDF layer 
934. Illustrated in the side view of Figure 5B, a housing 251 of the can 250 (seen in 
Figure 5A) may act as a ground electrode, and the conducting surface coating 936 
may act as a source electrode. A wire 932 may provide the electrical potential to the 
conducting surface coating 936. A pharmacological agent 938 may be disposed on 

1 5 the exterior surface of the conducting surface coating 936. 

Applying an electric field, such as by use of conducting surface coating 936 on 
the PVDF layer 934, creates an ultrasonic transducer. The PVDF layer 934 of delivery 
arrangement 930 may be used to generate an acoustic field that impels 
pharmacological agents using sonophoresis. The conducting surface coating 936 may 

20 also be useful as an electrode for driving the pharmacological agent 938 using 
electrophoresis. 

An alternating current (AC) signal may be applied to the conducting surface 
coating 936 using wire 932. The AC signal creates an alternating electric field across 
the PVDF layer 934, causing the PVDF layer 934 to expand and contract, producing 
25 an ultrasonic field capable of driving the pharmacological agent 938 using 

sonophoresis. A direct current (DC) signal may additionally, or alternately, be applied 
to the conducting surface coating 936 using wire 932. The DC signal may create an 
electric field in the tissue capable of driving the pharmacological agent 938 using 
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electrophoresis. Electrophoresis and sonophoresis may occur simultaneously, 
individually, or alternatingly as desired. 

For example, it may be beneficial to phoretically impel an analgesic in 
coordination with a defibrillation therapy during the entire useful life of the system 312 
5 (Figure 5A), to mitigate some of the discomfort from the therapy. The delivery 
arrangement 930 may be activated by the defibrillation therapy itself, or may be 
activated independently before, during, or after any therapy delivery. The therapy itself 
may impel the analgesic using electrophoresis and/or the delivery arrangement 930 
may impel the analgesic using sonophoresis. Illustrated here, and as described also in 

10 previous embodiments, combinations of pharmacological activity provided with ITCS 
devices may provide significantly improved outcomes, less morbidity, and improved 
patient comfort and acceptance. 

Additional details of dissection devices for implantation of subcutaneous 
systems and implantable devices that may be employed or adapted to drive phoretic 

15 systems or provide phoresis are disclosed in commonly owned U.S. Patent 
Applications: Serial Number 10/625,826 filed July 23, 2003 and entitled 
"TUNNELING TOOL WITH SUBCUTANEOUS TRANSDERMAL ILLUMINATION;" 
Serial Number 10/625,833, filed July 23, 2003, and entitled "SUBCUTANEOUS 
DISSECTION TOOL INCORPORATING PHARMACOLOGICAL AGENT 

20 DELIVERY;" Serial Number 10/703,410, filed November 7, 2003 and entitled 
"SUBCUTANEOUS ELECTRODE AND LEAD WITH TEMPORARY 
PHARMACOLOGICAL AGENTS;" and Serial Number 10/653,456, filed September 
02, 2003 and entitled "ULTRASONIC SUBCUTANEOUS DISSECTION TOOL 
INCORPORATING FLUID DELIVERY;" which are hereby incorporated herein by 

25 reference. 

Figure 6 illustrates another embodiment of the present invention. In Figure 6, 
the lead 240 is shown to have a groove 610 providing a fixation point for a collar 620. 
Collar 620 may be, for example, a silicone collar impregnated with a pharmacological 
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agent. Collars impregnated with pharmacological agents are known in the art such 
as, for example, collars described in U.S. Patent Number 6,361,780 hereby 
incorporated herein by reference. Although the width of groove 610 is illustrated in 
Figure 6 to be significantly larger than the width of the collar 620, any desirable fit 
5 may be provided. 

In Figure 6, a potential surface 614 is located beneath the collar 620. The 
potential surface 614 may be an electrical conductor to provide a source of electrical 
potential for electrophoresis, and/or may be a source for other forms of phoresis 
such as, for example, an ultrasonic transducer for sonophoresis as described above. 

10 Referring now to Figure 7, a three layer tiered pharmacological delivery 

method is illustrated. The lead 240 is illustrated having a first layer 810, a second 
layer 820, and a third layer 830 on the lead 240. The lead 240 is further shown to 
include a pair of conductors 812, 814 coupled to a phoretic element 800, such as a 
PVDF layer or other phoresis delivery arrangement. The conductors 812, 814 may 

15 be coupled to contacts or conductors of a driver or power source, such as 
driver/power source 314 shown in Figure 5A, for example. 

The layers 810, 820, and 830 are configured such that the pharmacological 
agent in the third layer 830 is delivered first as the third layer 830 is impelled away 
and the pharmacological agent delivers its activity. After the third layer 830 is 

20 effectively removed, the second layer 820 is revealed. The pharmacological agent in 
the second layer 820 is delivered second as the second layer 820 is impelled away 
and the pharmacological agent delivers its activity. After the second layer 820 is 
effectively removed, the first layer 810 is revealed. The pharmacological agent in the 
first layer 810 is delivered last as the first layer 810 is impelled away and the 

25 pharmacological agent delivers its activity! The layers 810, 820, and 830 may, for 
example, be continuously or discretely applied at one or more locations along the 
length of the lead 240. One or more drugs may be disposed within each of the 
layers 810, 820 and 830. 
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Figure 8 illustrates an embodiment of the present invention that differs from 
Figure 6 by the addition of a coating 920 applied over the electrode 230. It may be 
advantageous to provide a pharmacological delivery to the area of tissue surrounding 
the electrode 230 of the subcutaneous lead 240. For example, the electrode coating 
5 920 may include an analgesic that is adapted to be quickly delivered from the 

electrode 230 using phoresis. This approach provides for an acute reduction in post- 
operative pain, while not hindering the electrical capabilities of the electrode 230 for 
use soon after the lead 240 is placed into the dissected tissue. The electrode 
coating 920 may be used as the only pharmacological delivery arrangement, and/or 

10 may be used in combination with other pharmacological delivery arrangements such 
as the collar 620 illustrated in Figure 8 and/or the delivery arrangements illustrated in 
Figure 7 or other arrangements disclosed herein. 

Various modifications and additions can be made to the preferred 
embodiments discussed hereinabove without departing from the scope of the 

15 present invention. Accordingly, the scope of the present invention should not be 
limited by the particular embodiments described above, but should be defined only 
by the claims set forth below and equivalents thereof. 
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